Fire Departments should take the following steps to reduce on-duty heart attacks and other sudden cardiovascular events:
INTRODUCTION
Sudden cardiac death represents the most common cause of a fire fighter fatality. In 2005, the National Fire Protection Association (NFPA) reported 44% (440/1006) of on-duty fire fighter fatalities during the tenyear period 1995-2004 were due to sudden cardiac death [Fahy 2005] . For 308 (70%) of these 440 deaths, NFPA was able to obtain some medical information (e.g., death certificate and/or post mortem examination) about the decedent. One hundred thirty-four (44%) of the 308 had prior known coronary artery disease (CAD) as determined by a heart attack, bypass surgery, or angioplasty/ stent procedures. However, NFPA was unable to describe the medical screening or Heart attacks and CAD are two conditions under the umbrella term, cardiovascular disease (CVD). Not all sudden cardiovascular events result in sudden death. In 2005, an estimated 765 fire fighters suffered an on-duty cardiovascular event that did not result in sudden death [Karter 2006 ].
In 1998, Congress funded the NIOSH Fire Fighter Fatality Investigation and Prevention
Program to conduct investigations of onduty fire fighter fatalities and formulate recommendations for preventing future deaths and injuries. From 1998 to 2004 of the 304 sudden cardiac death fatalities. The NIOSH investigations included a review of the deceased fire fighter's personal medical records.
To share lessons from the NIOSH investigations, this document Provides background on fire fighting and heart disease; Presents five case reports to highlight important findings; Summarizes data from the NIOSH cardiovascular disease (CVD) fatality investigations; and Provides recommendations to minimize the risk of injury and death to fire fighters from cardiovascular events.
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BACKGROUND
Coronary artery disease among fire fighters is due to a combination of personal and workplace factors. The personal factors are well known: age, gender, family history, diabetes mellitus, hypertension, smoking, high blood cholesterol, obesity, and lack of exercise [AHA 2007] . Not as widely known, however, is that fire fighters have exposures to workplace factors that are associated with adverse cardiovascular outcomes. Fire departments have a responsibility to implement effective prevention programs for workplace risk factors for cardiovascular disease.
Cardiac and Cardiovascular Effects Associated with Fire Smoke
Fire smoke is complex mixture of heated gases, vapors, and particulate matter. The composition of the smoke is determined not only by the fuel source, but also by fire conditions (e.g. oxygen availability, temperature, etc.) [Kulig 1991 ; Levin 2005] . While hundreds of decomposition products are found, two of the more common and well known gases with cardiovascular effects are carbon monoxide and hydrogen cyanide.
Fire Fighter Fatalities Carbon Monoxide
Carbon monoxide, a by-product of incomplete combustion, is present in virtually all fire environments. A number of studies have quantified a fire fighter's exposure during various phases of fire suppression [Gold 1978; Brandt-Rauf 1988; Jankovic 1991] . High concentrations of carbon monoxide have been documented not only during knockdown, but also during overhaul when fire fighters frequently remove their self contained breathing apparatus (SCBA) [Bolstad-Johnson 2000] . If inhaled, carbon monoxide disrupts the blood's transport of, and intracellular use of, oxygen [Ernst 1998 ]. The resulting hypoxia can cause myocardial injury [Satran 2005] .
Hydrogen Cyanide
Hydrogen cyanide is formed during the incomplete combustion of substances containing carbon and nitrogen (e.g., paper, cotton, wool, silk, plastics, etc). Hydrogen cyanide frequently has been detected in structure fires and levels have been shown to exceed established exposure limits [Jankovic 1991; Brandt-Rauf 1988; Gold 1978] . Like carbon monoxide, hydrogen cyanide disrupts the intracellular use of oxygen, resulting in intracellular hypoxia with cardiac manifestations [Purser 1984 ].
Particulate Matter
Fire fighters have significant exposure to fire smoke particulate matter during fire suppression [Treitman 1980; Brandt-Rauf 1988] . Studies in the general population suggest particulate matter, as a component of air pollution, has cardiovascular effects [Brook 2004 ]. For example, long-term repeated exposure to elevated concentrations of particulate matter has been associated with cardiovascular mortality and the initiation/progression of atherosclerosis [Dockery 1993; Pope 2002 Pope , 2004 . In addition, short-term exposure to fine particulates has been associated with triggering heart attacks, particularly among people with pre-existing heart disease [Peters 2001; Pope 2006] . These findings have implications for the fire service given fire fighters' exposure to fire smoke particulate matter [Treitman 1980 ].
Cardiac and Cardiovascular Effects Associated with the Work Environment
Increased Heart Rates and Heavy Physical Exertion A significant portion of the fire fighters' workday is spent at rest or doing light work around the fire station. However, the station's alarm may sound at any time, and fire fighters are expected to rapidly deploy to the incident scene. Fire fighters react to these emergency calls with an increase in their heart rates, probably due to a surge in sympathetic nervous system activity (e.g. the flight or fight response) [Barnard 1975; Kuorinka 1981] . The increase in heart rate frequently persists through the course of fire suppression activities; a finding not surprising given the heavy physical demands of structural fire fighting [Lemon 1977; Hurley 1980; Manning 1983; Guidotti 1992; Smith 1995] . The pattern of sedentary periods interrupted by catecholamine surges and heavy physical exertion has been suspected to put fire fighters at increased risk for acute heart attacks. Epidemiologic studies in the general population report that heavy physical exertion sometimes immediately precedes and triggers the onset of acute heart attacks and sudden cardiac death [Willich 1993; Mittleman 1993; Siscovick 1984; Tofler 1992; Albert 2000] .
Heat Stress
Heat stress and heat illnesses are well recognized hazards of fire fighting. Fire suppression can increase body temperature resulting in sweating and fluid loss, which can cause serum electrolyte changes, lower stroke volume (the volume of blood pushed during each contraction of the heart), or lower cardiac output [Rossi 2003; Smith 2001; Costrini 1979] . Heat stroke has been reported to increase the risk of myocardial ischemia, arrhythmias, and conduction abnormalities [Akhtar 1993 ].
Noise Exposure
Fire fighters' noise exposures are obvious: sirens, air horns, diesel engines, and the roar of a large structure fire itself. During emergency operations, sound levels exceeding 120 decibels have been measured [Tubbs 1995] . Studies of community and occupational groups have found an association between noise exposure and hypertension, and possibly an association with ischemic heart disease [Van Kempen 2002; Davies 2005; Willich 2006; McNamee 2006] . It is important to note that fire fighters' noise exposure (short duration, high intensity) differs from that studied in community and in other occupational groups [lower intensity for a longer duration (e.g. full-shift)]. However, given the extent of the noise-induced hearing loss found in fire fighters, it is plausible that noise exposure increases the risk of hypertension and possibly ischemic heart disease among fire fighters [Tubbs 1995] .
Shift Work and Overtime
Several studies suggest a modest association between rotating shifts (e.g., a week of days, a week of evenings, a week of nights, with weekends off) and heart disease [Steenland 2000 ]. Because most career fire departments work 24-hour shifts and volunteers fire fighters do not work shifts at all, these findings may have limited application to the fire service. A 24-hour shift, however, is long, stressful, and fatiguing. The literature also suggests long hours can increase blood pressure and lead to increased heart disease, independently of other stressful conditions at work [Steenland 2000 ].
Environmental Tobacco Smoke
In 2006, the Surgeon General confirmed a causal relationship between exposure to secondhand smoke and increased risks of coronary heart disease morbidity and mortality [USDHHS 2006 ]. An estimated 46,000 cardiac deaths occur each year due to secondhand smoke in the United States [Cal/ EPA 2005] . Since not all fire stations are smoke free, involuntary exposure to tobacco smoke continues to present cardiovascular risks for fire fighters.
Fire Fighting and Heart Disease
Over 25 published studies examine the relationship between heart disease and fire fighting. Results of these studies are conflicting (e.g., some studies support the association while others do not). In 1995, Guidotti published a review of the fire fighter mortality literature. He concluded, "Sudden death, myocardial infarction, or fatal arrhythmia occurring on or soon after near-maximal stress of the job are likely to be [work] related…" [Guidotti 1995] . It is important to recognize, however, the limitations of the scientific method used in these studies. The major concern is a problem known as the healthy worker effect (HWE) [Choi 1992] . This problem arises because working populations are usually selected for employment in such a way that they have better health (corresponding to a lower death rate) than the general population to whom the workers are compared. For example, before placement, fire fighter candidates are screened for many cardiovascular conditions and risk factors (e.g., diabetes and hypertension). This leads to a strong healthy hired effect, one component of the HWE [Arrighi 1994 ]. In 2000, Choi re-assessed 23 standardized mortality ratio studies addressing the relationship between fire fighting and heart Fire Fighter Fatalities disease after attempting to control for the HWE. He concluded that, "(1) there is strong evidence of an increased risk of death overall from heart disease among firefighters; …. (3) there is insufficient evidence, even after considering the HWE, for a relationship between firefighting and any heart disease subtype, such as acute myocardial infarction" [Choi 2000 
Occupational Safety and Health Administration (OSHA)
OSHA promulgates and enforces occupational safety and health regulations. Public employees (State and local workers) are exempt from these regulations; unless the State has an OSHA approved occupational safety and health plan. If a fire department operates in a State Plan State, it must comply with OSHA or State standards when they are more stringent. The OSHA standard regarding respiratory protection [29 CFR 1910.134] † is relevant to on-duty sudden cardiac death among fire fighters because it requires employers to establish and maintain a respiratory protection program. One portion of this respiratory protection standard requires the wearer of the respirator to be medically cleared. While this clearance can be as simple as the completion of a brief medical questionnaire, the standard requires that a health care provider evaluate symptomatic employees and employees with heart or lung conditions. The standard also requires that if a fire fighter must enter an environment that is immediately dangerous to life and health (IDLH) (e.g., interior structural fire), at least two fire fighters must enter the area together and remain in visual, physical, or vocal contact with one another at all times. In addition, at least two properly equipped and trained fire fighters must be positioned outside the IDLH atmosphere, account for the interior teams, and remain capable of rapid rescue of the interior team.
Other OSHA standards applicable to fire fighters include Hazardous Waste Operations and Emergency Response [29 CFR 1910.120] and Fire Brigades [29 CFR 1910.156] . The Hazardous Waste Operations and Emergency Response standard requires a medical examination for HAZMAT members at least once every 12 months unless the attending physician believes a longer interval is appropriate (but never longer than every two years). Guidance on the content of that medical examination has been developed by NIOSH, OSHA, the United States Coast Guard, and the Environmental Protection Agency [NIOSH 1985 ]. The Fire Brigade standard precludes fire brigade members with known heart disease, epilepsy, or emphysema from participating in emergency activities. However, this preclusion may be waived when a physician certifies that the employee is fit to participate.
International Association of Fire Fighters (IAFF) and International Association of Fire Chiefs (IAFC)
The IAFF, a labor union, and the IAFC, a management organization, are devoted to the safety and health of their members, among other fire service issues. In the late 1990s, they worked together to publish the following guidance documents:
The Fire Service Joint Labor Management Wellness-Fitness Initiative. This guidance document presents a comprehensive wellness-fitness program with five main components: (1) medical (e.g., screening tests), (2) fitness, (3) medical/fitness/injury rehabilitation, (4) behavioral health, and (5) 
National Fallen Firefighter Foundation (NFFF)
The NFFF is a non-profit organization devoted to honoring and remembering America's fallen fire fighters and assisting their families and coworkers. In 2004, the NFFF launched its Everyone Goes Home program to prevent fire fighter line-of-duty deaths and injuries. The program developed 16 life safety initiatives, which included, "develop and implement national medical and physical fitness standards that are equally applicable to all firefighters, based on the duties they are expected to perform." The program's Web site provides training materials for individual fire department to develop health and wellness programs [NFFF 2007] .
CASE REPORTS
The following factors frequently were involved with the on-duty sudden cardiac deaths among fire fighters investigated by NIOSH.
Inadequate medical evaluations of candidates or members. A 47-year-old male volunteer fire fighter collapsed after performing strenuous physical activity at the site of a trench rescue. Despite cardiopulmonary resuscitation (CPR) and advanced life support (ALS) administered by crew members, ambulance service personnel, and in the hospital's emergency department, the fire fighter died. The death certificate, completed by the fire fighter's personal physician, listed acute myocardial infarction, commonly known as a heart attack, as the immediate cause of death. Pertinent autopsy results included the presence of a thrombosis (blood clot) in one of his coronary arteries, coronary atherosclerosis (plaque), and fibrosis consistent with previous heart attacks. Before his death, the fire fighter did not have any known heart 2.
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disease, although he had many known risk factors for atherosclerotic coronary artery disease (CAD) [AHA 2006] . These included male gender, age greater than 45 years, high blood pressure (hypertension), high blood cholesterol, diabetes mellitus (non-insulin dependent), a current history of smoking, and physical inactivity. The fire fighter's primary care physician was either unaware of his patient's status as a volunteer fire fighter or was unaware of published guidelines regarding fire fighter medical clearance. If current guidelines had been followed, these CAD risk factors would have been identified during the fire department's medical evaluation program and an exercise stress test would have been performed [NFPA 2007 ]. This volunteer fire department, however, did not require medical evaluations or medical clearances for its members.
Case -Career Fire Fighter Suffers Sudden Cardiac Death After Completing Physical Ability Test [NIOSH 00]
A 55-year-old Captain was placed on restricted duty by the fire department physician for not passing his physical ability test and for not passing his medical evaluation due to severe CAD. The Captain was seen shortly thereafter by his personal physician who released him to work with no restrictions despite signs of exercise-induced cardiac ischemia (reduced blood flow to the heart muscle). The fire department did not require the fire department physician to approve return-to-work releases signed by primary care physicians. After presenting his work release to the fire department, the Captain re-took the physical ability test. Wearing full bunker gear, he completed the following tasks: hose hoist, hose pull, dummy (manikin) drag, and hydrant hook-up/disconnect. During these tasks, he began to have trouble breathing, but he continued the test. The last portion of the physical ability test was donning the 22-pound SCBA and climbing 128 steps. After completing this task, the Captain exited the drill tower; he became unresponsive, stopped breathing, and was pulseless. Despite CPR and ALS, the Captain died. The autopsy listed cardiac arrhythmia due to myocardial ischemia due to "coronary artery disease" as the cause of death. Based on current guidelines, the Captain's personal physician should not have released him to unrestricted duty [NFPA 2007 ].
Case -Career Fire Fighter Has Sudden Cardiac Death and Dies During Live Fire Training [NIOSH 00]
On April 10, 2002, a 56-year-old male career Captain carried pallets and straw to initiate a training fire in a two-story apartment building. The pallets each weighed about 25 pounds, and each bale of straw weighed 50 pounds. After the materials were in place, the Captain (wearing full turnout gear and breathing air from an SCBA) finished igniting the training fire and exited the structure. Shortly after doffing his SCBA, he collapsed. Despite CPR and ALS, the Captain died. The autopsy listed the cause of death as probable cardiac arrhythmia secondary to ischemic heart disease caused by severe coronary artery atherosclerosis. The Captain had the following risk factors for CAD: male gender, age over 45, family history of CAD, high blood cholesterol, physical inactivity and mild obesity. Two months before his death, the Captain participated in an annual physical examination performed by a clinic that was under contract with the fire department. The exam included a bicycle stress test on which the Captain lasted for 5 minutes reaching 81% of his maximum heart rate, and achieved an aerobic capacity of 27.4 milliliters per kilogram per minute (mL/kg/min) or 7.8 metabolic equivalents (METS). A 12-lead electrocardiogram conducted throughout the test did not reveal any blood flow changes (ischemia) to the heart muscle, and the Captain was cleared for full duty.
While this fire department required members to receive an annual medical evaluation, its fitness program was voluntary. The Captain was one of many fire fighters who did not participate. Based on the bicycle stress test, the Captain's exercise capacity was below that which is typically needed to perform the essential job tasks of structural fire fighting [Gledhill 1992] . This Captain's relatively low aerobic capacity not only had job capacity implications, but also increased his risk of sudden cardiac death [Paffenbarger 1993; Sandvik 1993 ].
Case -Volunteer Fire Chief Suffers a Probable Heart Attack and Dies After Performing Service Call [NIOSH 00]
On November 18, 2002, a 50-year-old male volunteer Fire Chief responded to a medical call with his fire department, then responded to a separate incident involving a carbon monoxide alarm at a private residence. The Chief responded to this second incident alone and found no carbon monoxide. Upon returning to the fire station, he complained to his wife by telephone of not feeling well. His wife called 911 while the Chief retrieved an oxygen cylinder and a non-rebreather mask from the fire department's engine parked in the station's apparatus bay. The Chief was self administering 100% oxygen when a certified emergency medical technician arrived. About 8 minutes later, the Chief lost consciousness. CPR was initiated, but the fire fighters who were performing the CPR did not have access to an AED. The fire department's only AED was on the ambulance that had not yet returned from the previous medical call. About 15 minutes after the Chief first expressed symptoms to his wife, about 12 minutes after the first fire fighter/EMT was on-scene, and about 5 minutes after losing consciousness, an AED from a neighboring fire department's ambulance arrived on-scene. The AED was attached to the Chief and four shocks were delivered. Despite CPR and ALS administered on-scene, during transport, and in the hospital's emergency department, the Chief died. The autopsy revealed arteriosclerosis, with 95% occlusion of the left main coronary artery and 90% occlusion of the right coronary artery. Rapid access to an AED is probably the single most important determinant of outcome for an out-of-hospital cardiac arrest with ventricular fibrillation [Stiell 1999a,b 
DATA FROM THE NIOSH CVD INVESTIGATIONS Medical Evaluations
Of the 131 fire departments where NIOSH investigated a cardiovascular disease (CVD) fatality, 93 (71%) performed candidate medical evaluations. However, only 41 (31%) conducted annual, or even periodic, medical evaluations for all members participating in fire suppression. Fire departments not providing candidate and member medical evaluations are not following the recommendations of NFPA, and the fire service management and union organizations, which support mandatory post-offer/pre-placement medical evaluations for candidates and annual medical evaluations for members [IAFF/IAFC 1997 , NFPA 2000 , NFPA 2007 ].
Medical Clearance
One-hundred-five (80%) of the 131 fire departments where NIOSH investigated a CVD fatality required a return-to-work clearance after an injury or illness. Over half of these fire departments (61/105 or 58%) allowed the fire fighter's personal physician to make the return-to-work determination. Allowing a fire fighter's personal physician to make this determination can be problematic for two reasons. First, primary care physicians may not be familiar with the heavy physical demands of fire fighting or their potential for hazardous exposures. Second, they may not be aware of the consensus medical guidelines developed by fire service medical experts. Therefore, fire departments should either Provide the consensus medical guidelines and the physical and aerobic requirements of the job to the primary care physician; or Require the fire department physician review return-to-duty clearances. [NFPA 2007 ].
Fitness-Wellness Programs
Fifty-one (39%) of the 131 fire departments where NIOSH investigated a CVD fatality had voluntary fitness programs, but only 11 (8%) 1.
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had mandatory participation. Maintaining a fire fighter's physical condition is an important issue in the fire service and a key element in enhancing overall, and specifically heart, health [IAFF/IAFC 1997] . Various researchers have reviewed worksite health promotion programs and come to differing conclusions regarding their clinical effectiveness [Glasgow 1999; Pelletier 1996] . Although the components of these worksite programs vary by study, programs that include individualized risk reduction for high-risk employees within the context of a comprehensive program seem to hold the most promise for positive clinical and cost outcome [Pelletier 2001 ]. The guidelines developed by both the IAFF/IAFC and the NFPA involve a comprehensive program with individualized assessment for all fire fighters. The guidelines go on to recommend rehabilitation for fire fighters with heart disease or risk factors for CAD. Participation in these fitness/wellness programs should reduce the number of both on-duty and offduty fire fighter heart attacks and sudden cardiac events.
Automated External Defibrillators (AEDs)
NIOSH identified 4 (3%) cases where the lack of rapid access or the inadequate function of the AED contributed to the death of the fire fighter. Rapid defibrillation after an out-ofhospital cardiac arrest with ventricular fibrillation is probably the single most important determinant of outcome [Stiell 1999a,b] . During the first 8 minutes of resuscitation, survival is reduced by 10% for each minute of defibrillation delay [Valenzuela 1997; White 1998; Nichol 1999; Finn 2001] . The American Heart Association (AHA) considers early defibrillation as an essential link in the chain of survival [AHA 2005] .
Sudden Cardiac Death While Operating A Vehicle
Of the 131 cases where NIOSH investigated a CVD fatality, 14 involved the death of the fire fighter while driving either a fire department vehicle or the fire fighter's personal vehicle. These deaths occurred while traveling to or from the emergency incident. None of these 14 fire departments were following consensus guidelines with regard to medical evaluation or medical clearance [NFPA 2007 ]. Although fire department property was damaged or destroyed in several incidents, no other fire fighters or civilians were hurt during the ensuing motor vehicle crashes. However, these findings suggest that, without intervention, a fire fighter suffering an acute cardiac emergency while driving a fire department vehicle will eventually injure other fire fighters or civilians. NIOSH believes this risk can be reduced by implementing recommended medical evaluations.
Carbon Monoxide
Carboxyhemoglobin (COHB) levels were analyzed for only 39 (30%) of the 131 deaths NIOSH investigated. COHB levels ranged from 0% to 10%. These levels are unlikely to have been directly responsible for any of the 39 fatalities. However, for fire fighters with significant CAD, COHB levels between 5% and 10% may have been a contributing factor. Low levels of COHB (2.4% to 5.6%) have been linked to reduced-time to angina and reduced-time to ischemic changes on electrocardiogram in subjects with CAD, suggesting a clinical effect [Allred 1989 [Allred , 1991 USEPA 1992] . COHB may not be measured in deceased fire fighters for several reasons. Most commonly, the fire fighter was not responding to an incident involving a fire or the fire fighter was not perceived to have been downwind of the smoke plume. However, there are many unrecognized sources of carbon monoxide among fire fighters. These include environmental tobacco smoke, diesel exhaust in the firehouse, or even diesel exhaust from the fire department engine operating at the fire scene. Due to these unrecognized exposures and the potential for adverse cardiac effects among susceptible individuals, NIOSH recommends additional research directed toward the role carbon monoxide plays during on-duty sudden cardiac deaths.
Work-relatedness
In 1999, NIOSH presented evidence from its fatality investigations suggesting that fire fighter CVD fatalities were triggered by work activities [Hales 1999 ]. The majority of onduty fire fighter CVD fatalities occurred in the afternoon or evening hours (Figure 1) .
Fire Fighter Fatalities
This is in stark contrast to the circadian rhythm of coronary heart disease deaths in the general population, in which the majority of these deaths have been found to occur in the early morning hours [Elliott 2001 ]. An analysis of fire fighters' activities immediately preceding their sudden deaths showed that over 75% of the deaths occurred while traveling to or from an incident, at an incident, or during training activities (Figure 2) . These activities are known to produce high heart rates and elevated blood pressures, which can be attributed to alarm response or performing physically demanding tasks.
These findings led to a formal analytic epidemiological study [Kales 2003 ]. Using data from the NIOSH-investigated CVD fatalities, Kales and his colleagues reported a statistical difference in the temporal pattern of sudden cardiac deaths in fire fighters compared to the general population (Figure 3 ). These researchers also conducted a case-control study using cases from the NIOSH-investigated CVD fatalities [Kales 2007 ]. These findings suggest that fatal heart attacks suffered by fire fighters while on-duty are work-related.
Limitations
NIOSH investigated 43% of all fire fighter fatalities due to CVD. Since career fire departments were overrepresented in the NIOSH investigated cases (65%), selection bias may have influenced the findings. Specifically, the NIOSH findings may have over-reported the extent of medical evaluations, and fitness wellness program in the fire service since our data shows that career fire departments are more likely to have such programs compared to volunteer fire departments. On the other hand, the circadian and job activity distributions reported by the USFA from 1990-2000 were similar to that found in the NIOSH investigated cases [USFA 2002] . Therefore, this potential selection bias was ‡ ©2003 Kales et al.; license BioMed Central Ltd. This is an Open Access article: verbatim copying and redistribution of this article are permitted in all media for any prupose, provided this notice is preserved along with the article's original URL [http://www.ehjournal.net/content/2/1/14] unlikely to have influenced findings regarding the work-relatedness of sudden cardiac deaths among fire fighters.
CONCLUSIONS
Fire fighters with medical conditions presenting a risk for sudden incapacitation pose a hazard to themselves, their co-workers, and civilians. Medical evaluations can diagnose these medical conditions. The fire service recommends medical evaluations and participation in comprehensive fitness and wellness programs to reduce the number of on-duty CVD fatalities. Findings from the NIOSH Fire Fighter Fatality Investigation and Prevention Program have documented that few fire departments experiencing onduty cardiac-related deaths of fire fighters have implemented member medical evaluation programs. Few have followed published guidelines regarding medical clearance for return-to-work. In addition, few have developed and encouraged participation in comprehensive fitness and wellness programs. These NIOSH findings were consistent with a subsequent USFA survey that report 76% of fire departments lacked programs to maintain basic fire fighter fitness and health [USFA 2006] . Obvious barriers Fire Fighter Fatalities to implementing these programs are costs, job security issues, and (for voluntary fire departments) maintaining a critical number of members. Additional research is needed to identify factors that can lower these barriers, thereby reducing the number of on-duty fire fighter fatalities due to CVD.
RECOMMENDATIONS
To reduce on-duty heart attacks and the risk of sudden cardiac events among fire fighters, NIOSH offers the following recommendations for (1) fire departments, (2) fire fighter candidates and fire fighters, and (3) fire service agencies. Many of these recommendations (e.g., the screening of fire fighters for CAD risk factors) are consistent with the general practice of preventive medicine [USPHS 1996] . Therefore, implementation of the following recommendations should not only reduce the number of on-duty fire fighter heart attacks and sudden cardiac events, but those occurring off-duty as well. §
Fire Departments
For Candidates:
Provide post-offer/pre-placement medical evaluations to ensure that candidates are capable of performing job tasks with minimal risk of sudden incapacitation.
Ensure that the physicians conducting the post-offer/pre-placement medical examinations are knowledgeable about the physical demands of fire fighting, the essential jobs tasks of fire fighting, and the Designate personnel to administer the fire department post-offer/pre-placement, and annual medical evaluations.
Refer candidates with cardiac conditions or coronary artery disease risk factors to their health care provider for further evaluation and treatment.
For Fire Department Members:
Ensure fire fighters understand the importance of wearing respiratory protection during all phases of fire fightingfrom initial attack through overhaul.
Provide mandatory annual medical evaluations to ensure members are capable of performing job tasks with minimal risk of sudden incapacitation.
Ensure that physicians conducting the annual medical examinations are knowledgeable about the physical demands of fire fighting, the essential job tasks of fire fighting, and the consensus guidelines developed by the fire service [NFPA 2007] . Ensure that all fire stations and other fire department facilities are non-smoking facilities.
Place and maintain AEDs on all fire department apparatus that are not equipped and staffed for manual defibrillation.
Train fire fighters on the proper use of AEDs.
Remind emergency department personnel and medical examiners to perform carboxyhemoglobin testing on all fire fighters who experience a cardiac arrest.
Implement a comprehensive hearing conservation program which contains the following components: hazard identification and reduction, use of personal hearing protection devises, periodic audiograms, and fire fighter training on hearing conservation [Tubbs 1995] . Control exposure to carbon monoxide and other fire contaminants through proper management of the fire scene and proper use of respiratory protection.
Ensure adequate staffing levels for operations to prevent over-exertion and/or heat stress.
Provide light weight equipment and personal protective gear to prevent overexertion and/or heat stress of the fire fighter.
Provide on-scene rehabilitation to monitor vital signs for indication of excessive cardiovascular strain, and to cool and hydrate the fire fighter. 
Fire Fighter Candidates and Fire Fighters
Participate in fire department fitness and wellness programs.
For those with CAD risk factors, seek medical attention.
Share pertinent medical information with the fire department physician.
Report any new medical conditions, changes in the severity of an existing medical condition, or the use of prescription or over-the-counter medications to the fire department physician.
Recognize the signs and symptoms of personal medical emergencies and know the appropriate course of action.
Participate in fire department hearing conservation programs.
Wear personal hearing protection devices, when appropriate.
Fire Service Agencies
Conduct research on the effectiveness of health promotion programs to reduce the incidence of heart disease among fire fighters.
Conduct research on the barriers to implementing health promotion programs (both wellness and fitness) in the fire service.
Conduct research on occupational exposures and the risk they pose to the cardiovascular system. Explore the feasibility of developing and routinely analyzing a nation-wide database composed of the mandatory annual medical evaluations conducted by fire departments.
